Detailed synthetic process of lithium-excess LFP i) Each precursor powders, such as Li 2 CO 3 , FeC 2 O 4 *H 2 O and (NH 4 )HPO 4 , is pulverized as fine as possible, separately. In this process, we usually used high energy ball milling at Ar atmosphere to avoid the oxidation. Especially, the phosphorus precursor should be carefully handled because it easily transforms to glass or bulk-like powder in a short time under the moisture condition.
octahedron: Fe 3+ , light purple tetrahedron: P, green atom: lithium and red atom: oxygen). The black circle indicates the lithium-excess ion. DFT calculations were performed using the Perdew−Burke−Ernzerhof (PBE) exchange-correlation parameterization with the spinpolarized generalized-gradient approximation (GGA). A plane-wave basis set and the projector-augmented wave (PAW) method as implemented in the Vienna ab initio simulation package (VASP) were used. 1-3 It was conducted using 1 x 2 x 3 unit cell with Hubbard U parameter of U eff = 4.3 eV for Fe ion. Also, it was performed using a standard Monkhorst-Pack the EXAFS spectra is strongly affected by the lattice distortion as well as the oxidation state of transition metal 4 When the coordination relationship between the absorber ions (Fe) and the coordinating ions (O or P) become non-uniform, the related peak shows broadening effects and the peak intensity decreases. In addition, it is well known that the reduction of Fe-O bond peak intensity occurs as the charge state increases 5 . The DFT calculation reveals that the excessive lithium ions in LFP should be accompanied by Fe 3+ ions in order to maintain charge neutrality as discussed at the main manuscript. Such result indicates that the overall degree of structural disorder around Fe ions is increased at the lithium-excess LFP as well as the average Fe oxidation state, which is consistent with the EXAFS results. ) show the relationship between CC profiles with a C/1000 current density and single particle solid-solution behavior of lithium-excess and normal LFP electrodes, respectively. The voltage gaps between charge and discharge with a near-zero current density is explained by many-body particle models with single particle solid-solution behavior. 9 The highest of del/lithiation Spinodal decomposition points (phase transition activation barrier) are strongly related with positive energy penalties induced from coherency/interfacial energies at a moderate particle size. Recently, there is growing evidence that the phase transition barrier could be decreased by nano-sizing, 10 respectively. The lithium-excess LFP still exhibits higher rate performance than normal LFP at 0 °C. Lithium-excess LFP delivers a discharge capacity of ~ 66 mAh g -1 at a current density of 2 A g -1 , which is ~ 30 % higher than that of normal LFP (~ 49 mAh g -1 ) at the same current density. Also, the polarization of lithium-excess LFP is much lower than that of normal LFP.
For example, the average discharge voltages of lithium-excess and normal LFPs are observed as 3.06 V and 3.01 V, respectively, at the current density of 0.5 A g -1 . (211) peaks, respectively, the peak broadening of normal LFP electrode (blue) is observable after cycling compared with as-prepared LFP (black) electrode, while the lithiumexcess LFP (red) electrode maintains its peak shape after cycling. It is well known that the broadening of diffraction peak is mainly attributed from non-uniform distribution of local strain or particle size reduction 13 , clearly indicating that the structural degradation of normal LFP occurs after cycling, whereas the initial structure of lithium-excess LFP is relatively well maintained. According to recent research 14 , the local current density, which is induced from the phase transformation barrier height, strongly affects the cycle-life because it leads to the non-uniformity phase transition reaction on the electrode. In the case of LFP, Spinodal decomposition barrier mainly determines the degree of local current density, therefore, a lower Spinodal decomposition barrier could make the phase transition more uniform, leading to the cycle-life enhancement. In this respect, we believe that the higher capacity retention of lithiumexcess LFP than that of normal LFP is mainly attributed to the lowered Spinodal decomposition barrier as discussed in the manuscript. in two-phase reaction region. 15 The lithium-excess LFP shows statically 10 times higher diffusivity than normal LFP. The diffusivity estimated from the GITT measurement is only for the qualitative comparison and does not represent the fundamental properties of electrodes operating via two-phase reaction, since the single diffusivity cannot be defined in such twophase reaction. Thus, the information from the figure should be taken with care. Where i p is the peak current in amperes, F is Faraday constant, R is gas constant, T is temperature in kelvin, m is mass of the electrode, V is the scan rate (V s -1 ), C Li * is the initial concentration of Li in the electrode materials (0.0228 mol cm -3 ), A e is the electrode area per unit mass (cm g -1 ), and D is the apparent diffusion constant (cm s -1 ). The effective electrode area of the [010] plane is taken as one-third of the total BET surface area 16 The S Table 1 shows the calculated diffusion constants of both LFPs based on the CV analyses at the room temperature. The diffusion constant of normal LFP exhibits a comparable value with previous reports (~ 10 -15 ~ 10-16 cm 2 s -1 ) 16, 17 however, the diffusion constant of lithiumexcess LFP is about one order higher than that of normal LFP. This result is consistent with the 
